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SCANNING BEAM DEVICE CALIBRATION 

BACKGROUND 

0001 1. Field 
0002 Embodiments of the invention relate to scanning 
beam devices. In particular, embodiments of the invention 
relate to calibration of Scanning beam devices. 
0003 2. Background Information 
0004 Various types of scanning beam devices are known 
in the arts and described in the literature. One type of scanning 
beam device is a scanning fiber device. The scanning fiber 
device may include a single, cantilevered optical fiber. 
0005. In one aspect, the scanning fiber device may be used 

to acquire an image of a target area. In acquiring the image of 
the target area, the single, cantilevered optical fiber may be 
vibrated in order to Scan an illumination spot through an 
optional lens system and over the target area according to a 
scan pattern. Backscattered light may be captured, for 
example by a photosensor, in time series. 
0006. In acquiring the image, it generally helps to accu 
rately know the position of the optical fiber and/or the illumi 
nation spot throughout the Scan. Knowing the drive signal that 
is used to scan the optical fiber may allow the position of the 
illumination spot to be estimated for each pixel point in time 
during the scan pattern. In practice however, environmental 
variables, manufacturing variables, imperfect electronics, the 
sensitivity of the scanning fiber device around the resonance 
frequency, and/or other factors, may tend to limit the accuracy 
of such estimates. Such positional inaccuracies may also tend 
to exist in other types of scanning beam devices besides just 
scanning fiber devices. 
0007 If unaccounted for, such positional inaccuracy may 
tend to add distortion to the image generated using the scan 
ning fiber device. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0008. The invention may best be understood by referring 
to the following description and accompanying drawings that 
are used to illustrate embodiments of the invention. In the 
drawings: 
0009 FIG. 1 is a block flow diagram of a method of cali 
brating a scanning beam device, according to one or more 
embodiments of the invention. 
0010 FIG. 2 is a block diagram showing a scanning beam 
device that is scanning a beam of light over a calibration 
pattern in a scan pattern, according to one or more embodi 
ments of the invention. 
0011 FIG.3 illustrates scanning an optical element within 
a Q-factor of its resonance frequency. 
0012 FIG. 4 shows one illustrative example of how an 
actual or observed scan pattern (shown in dashed lines) may 
differ from an expected or ideal scan pattern (shown in solid 
lines), according to one or more embodiments of the inven 
tion. 
0013 FIG. 5 is a block flow diagram of an exemplary 
method of acquiring an image of a calibration pattern using a 
scanning beam device, according to one or more embodi 
ments of the invention. 
0014 FIG. 6 is a block flow diagram of a method of drive 
signal calibration, according to one or more embodiments of 
the invention. 
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(0015 FIG. 7 is a block flow diagram of a method of pixel 
position calibration, according to one or more embodiments 
of the invention. 
0016 FIG. 8 is a block flow diagram of one particular 
example of a method of scanning beam device calibration, 
according to one or more embodiments of the invention. 
0017 FIG.9 is a block flow diagram of a method of acquir 
ing an image of a surface of interest, according to one or more 
embodiments of the invention. 
(0018 FIGS. 10A-F are examples of suitable calibration 
patterns, according to various embodiments of the invention. 
0019 FIG. 11 is a block diagram showing further details 
of an example calibration system for a scanning beam device, 
according to one or more embodiments of the invention. 
0020 FIG. 12 is a block diagram of an example scanning 
beam device in which embodiments of the invention may be 
implemented. 
0021 FIG. 13 is a cross-sectional side view of a detailed 
example of a scanning fiber probe, according to one or more 
embodiments of the invention. 

DETAILED DESCRIPTION 

0022. In the following description, numerous specific 
details are set forth. However, it is understood that embodi 
ments of the invention may be practiced without these spe 
cific details. In other instances, well-known circuits, struc 
tures and techniques have not been shown in detail in order 
not to obscure the understanding of this description. 
0023 United States Patent Application 20060072843 dis 
closes remapping methods to reduce distortion in images. As 
disclosed therein, a photosensitive position sensor may be 
used to actively capture a position of a scanning illumination 
spot during a scan pattern. However, the use of such a photo 
sensitive position sensor may potentially have certain draw 
backs. For one thing, the photosensitive position sensors tend 
to be expensive. Furthermore, the photosensitive position 
sensors tend to be limited in size. This may tend to restrict the 
field of view that may be calibrated. Yet another potential 
drawback is that the photosensitive position sensors tend to be 
sensitive to stray or reflected light. This may tend to limit the 
effectiveness of the calibration. A further potential drawback 
is that there is one signal path through the photosensitive 
position sensor during calibration, and a different signal path 
through a photodetector that is used to detect backscattered 
light during operation. These different signal paths may have 
different phase delays, which may tend to complicate calibra 
tion and/or add distortion to the images generated. Other 
drawbacks may also or alternatively be encountered. In any 
event, methods and apparatus to calibrate a scanning beam 
device without needing such a photosensitive position sensor 
may offer certain advantages. 
(0024 FIG. 1 is a block flow diagram of a method 100 of 
calibrating a scanning beam device, according to one or more 
embodiments of the invention. At block 102, an image of a 
calibration pattern may be acquired using the scanning beam 
device. Examples of suitable calibration patterns include, but 
are not limited to, those shown in FIGS. 10A-F, which will be 
discussed further below. 
0025 Before discussing the method further, a brief discus 
sion of a scanning beam device and example ways of acquir 
ing an image of a calibration pattern using the scanning beam 
device may be helpful. FIG. 2 is a block diagram showing a 
scanning beam device 210 that is scanning a beam of light 216 
over a calibration pattern 220 in a scan pattern 218, according 
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to one or more embodiments of the invention. In various 
embodiments of the invention, the scanning beam device may 
take the form of an endoscope, Scanning fiber endoscope, 
catheter, bronchoscope, fiberscope, microscope, boroscope, 
bar code reader, or other image acquisition and/or display 
device known in the art. 

0026. The scanning beam device includes a light source 
212. By way of example, the light Source may include one or 
more laser diodes or other lasers. In one aspect, the light 
Source may include one or more of a red light Source, a blue 
light source, agreenlight source (collectively referred to as an 
“RGB light source”), a white light source, an infrared light 
Source, an ultraviolet light Source, and/or a high intensity 
laser source (for example for a therapeutic scanning beam 
device). Depending on the particular implementation, the 
light source may emita continuous stream of light, modulated 
light, or a stream of light pulses. The light source may option 
ally be configurable to switch between a first mode (for 
example a continuous stream) and a second mode (for 
example a stream of light pulses). The light source may 
optionally include other conventional components, such as, 
for example, color combiners, filters, and the like. 
0027. The light source provides light to a scanning optical 
element 214. The Scanning optical element may include an 
optical element, such as for example, a waveguide (for 
example an optical fiber), mirror, or lens. The Scanning opti 
cal element may also include an actuator, Such as, for 
example, a piezoelectric actuator, a magnetic actuator, an 
electromagnetic actuator, an electrostatic actuator, a Sonic 
actuator, an electromechanical actuator, other transducer, or 
other actuator capable of moving the optical element. The 
actuator may receive electrical signals, which are also 
referred to herein as a drive signal, and which cause the 
actuator to move the optical element to scan a beam of light 
across the calibration pattern in a scan pattern. There is no 
requirement that the beam be collimated or have parallel rays 
of light, although it may. 
0028. While the optical fiber or other scanning optical 
element may be moved at various frequencies, in one or more 
embodiments of the invention, the optical fiber or other scan 
ning optical element may be moved within a Q-factor of its 
mechanical or vibratory resonance frequency (or harmonics 
of the resonant frequency). This may help to reduce the 
amount of energy needed to perform the scan. FIG. 3 illus 
trates Scanning an optical element within a Q-factor of its 
resonance frequency. 
0029. In the case of a scanning optical fiber, scanning at or 
around the resonant frequency, however, may put the illumi 
nation spot about 90° out of phase relative to the drive signal. 
This may tend to make the movement of the optical fiber 
relatively sensitive to frequency changes immediately around 
the resonant frequency. For example, if the drive signal is not 
precisely at resonant frequency, the illumination spot may 
move from being 90° out of phase to being closer to being 
in-phase with the drive signal. This may tend to add distortion 
to the image generated. Similar distortions may potentially be 
introduced when other scanning optical elements are scanned 
at or around resonance. As will be explained further below, in 
one or more embodiments of the invention, pixel position 
calibration may be used to remove, or at least reduce, distor 
tions due to difficulty in maintaining phase at or around 
resonance, as well as other distortions that may tend to remain 
even after drive signal calibration. 
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0030 Referring again to FIG.2, as shown, the scan pattern 
may include a spiral scan pattern, although this is not 
required. Examples of other Suitable scan patterns include, 
but are not limited to, other radial scan patterns, such as ovals, 
circles, propeller patterns, and combinations thereof, and 
non-radial scan patters, such as raster scan patterns, Lissajous 
scan patterns, and combinations thereof. The scan patterns 
may be one-dimensional or two-dimensional. 
0031. As previously discussed, it generally helps to accu 
rately know the position of the illumination spot or beam 
throughout the Scan. Knowing the drive signal may allow the 
position of the illumination spot or beam to be estimated for 
each pixel point in time during the scan pattern. In practice 
however, environmental variables, manufacturing variables, 
imperfect electronics, potentially the sensitivity of the scan 
ning beam device around the resonance frequency, and/or 
other factors, may tend to limit the accuracy of Such esti 
mates. Accordingly, the actual positions of the illumination 
spot throughout the scan may differ from the expected posi 
tions. If unaccounted for, Such positional differences may 
tend to add distortion to the image generated using the scan 
ning beam device. 
0032 FIG. 4 shows one illustrative example of how an 
actual or observed scan pattern 418 (shown in dashed lines) 
may differ from an expected or ideal scan pattern 432 (shown 
in Solid lines), according to one or more embodiments of the 
invention. In this example, the expected scan pattern follows 
a circular spiral, whereas the actual scan pattern follows an 
elliptical spiral. In other implementations, the actual and 
expected scan patterns may differ in other ways. As shown, 
the expected positions of the beam throughout the scan may 
differ significantly from the actual positions of the beam at the 
corresponding times. A representative distance, d, is used to 
illustrate a difference between an expected position 434 of the 
beam and the actual position 436 of the beam at a particular 
time. 
0033 Referring again to FIG.2, light 222 may be reflected 
or backscattered from the calibration pattern throughout the 
scan pattern. The amount of light backscattered may depend 
in part upon the optical characteristics (for example color, 
saturation, etc.) of the portion of the calibration pattern that is 
illuminated by the beam of light at that particular time. Notice 
that the backscattered light represents the optical character 
istics of the calibration pattern at the actual positions of the 
beam throughout the scan, not the expected positions of the 
beam. 
0034. The scanning beam device includes a photodetector 
224. Examples of suitable photodetectors include, but are not 
limited to, photodiodes, charge coupled devices, photomulti 
plier tubes, phototransistors, and other photodetectors known 
in the arts, and combinations thereof. The photodetector may 
detect the backscattered light at different times throughout 
the scan pattern. In one or more embodiments of the inven 
tion, the photodetector may be located at a distal tip of the 
scanning beam device (for example in a probe portion) in 
close proximity to the calibration pattern. Alternatively, in 
one or more embodiments of the invention, an optical 
waveguide may be used to convey backscattered light to a 
photodetector located away from the distal tip (for example in 
a base station). 
0035. The scanning beam device includes an image gen 
erator 226 that is coupled with, or otherwise in communica 
tion with, the photodetector. The image generator may 
receive signals representing the amount of light detected at 
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different times throughout the scan pattern. The image gen 
erator may use these signals to generate a corresponding 
image of the calibration pattern. In one or more embodiments 
of the invention, the image generator may place or represent 
the backscattered light detected at different times throughout 
the scan pattern at the expected positions of the beam for 
those respective times. For ease of description, the backscat 
tered light may be said to be “placed' at a position in the 
generated image. This is intended to encompass the possibil 
ity that the backscattered light is detected, and that an elec 
trical signal “representing the amount of detected light is 
used to represent the backscattered light at the position in the 
generated image. 
0036) To briefly review, FIG. 5 is a block flow diagram of 
an exemplary method 502 of acquiring an image of a calibra 
tion pattern using a scanning beam device, according to one or 
more embodiments of the invention. At block 540, a beam of 
light may be scanned over the calibration pattern in a scan 
pattern. Then, light or a portion of the beam backscattered 
from the calibration pattern may be detected at different times 
during the scan pattern, at block 542. Then, an image of the 
calibration pattern may be generated by placing or represent 
ing the backscattered light detected at each of the different 
times at a corresponding expected or ideal position of the 
beam for a respective time, at block 544. The generated image 
may also be referred to herein as an acquired image. 
0037. As previously mentioned, prior to calibration, the 
actual positions of the beam may potentially differ from the 
expected positions of the beam. Placing or representing the 
backscattered light at the expected positions of the beam may 
accordingly introduce distortions into the acquired image. If 
the same drive signal and physical system is used to drive the 
scanning beam device, these distortions may tend to repeat 
for each scan (as long as the relevant environmental factors 
remain constant). These distortions in the acquired image of 
the calibration pattern may advantageously be used to cali 
brate the Scanning beam device to account for differences 
between the expected and actual scan patterns, so that the 
distortions are removed, or at least reduced, in the next image 
generated using the scanning beam device. 
0038 Referring again to FIG. 1, after acquiring the image 
of the calibration pattern, the acquired image may be com 
pared with a representation of the calibration pattern, at block 
104. The representation of the calibration pattern may be a 
true representation, or at least a more accurate representation 
of the calibration pattern than the acquired image. As such, a 
comparison of the distorted acquired image of the calibration 
pattern with the more accurate representation of the calibra 
tion pattern may be used as a metric or guide for calibrating 
the scanning beam device. In various embodiments, the com 
parison may be performed manually by a practitioner, auto 
matically by an algorithm, or partly by a practitioner and 
partly by an algorithm. 
0039. Different types of representations of the calibration 
pattern are possible. In one or more embodiments, the repre 
sentation may include an electronic image or other electronic 
likenesses of the calibration pattern. As another option, in one 
or more embodiments, the representation may include a men 
tal image, picture, impression, or other mental representation 
of the calibration pattern. As yet another option, in one or 
more embodiments, the representation may include one or 
more or a set of features or characteristics of the calibration 
pattern. For example, the representation may include the 
number of objects in the calibration pattern, the shapes of the 
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objects, the sizes of objects, the orientations of objects, the 
colors of objects, or a combination of Such features or char 
acteristics. Combinations of Such representations are also 
suitable. 
0040. At block 106, the scanning beam device may be 
calibrated based, at least in part, on the comparison. In one or 
more embodiments of the invention, calibrating the scanning 
beam device may include adjusting one or more drive param 
eters or a drive signal that is used to drive the Scanning optical 
element. By way of example, the adjustment may be used to 
make the actual scan pattern more closely match the expected 
scan pattern. 
0041 As another option, in one or more embodiments of 
the invention, calibrating the scanning beam device may 
include determining and potentially storing or otherwise pre 
serving calibrated image position information (for example 
calibrated destination pixels for different times in the scan). 
The calibrated image position information may be based on 
differences between the acquired image and the representa 
tion, which in turn may be based on differences between the 
actual and expected scan patterns. By way of example, the 
calibrated image position information may be used to adjust 
the placement in a Subsequently generated image of backscat 
tered light detected at different times during the scan pattern 
in order to account for differences between the actual and 
expected Scan patterns for the present drive signal and/or 
reduce distortion. 
0042. As yet another option, in one or more embodiments 
of the invention, a combination of both drive signal calibra 
tion and pixel position calibration may optionally be per 
formed. Typically, one or more or quite a few drive signal 
calibrations may be performed, and then one or more pixel 
position calibrations may Subsequently be performed. 
0043 FIG. 6 is a block flow diagram of a method 650 of 
drive signal calibration, according to one or more embodi 
ments of the invention. At block 652, the scanning beam 
device may be configured to use a set of starting or initial 
drive parameters. The initial drive parameters may be esti 
mated, determined theoretically, or otherwise determined. As 
one option, the initial drive parameters may be stored in and 
accessed from a memory. For example, Suitable configuration 
memories are disclosed in U.S. Patent Application 
20060072874, filed Apr. 6, 2006. As another option, a com 
pact disc or other machine-readable medium having the ini 
tial drive parameters stored thereon may be shipped with the 
scanning beam device. As yet another option, the initial drive 
parameters may be accessed over the Internet or another 
network. As a still further option, a practitioner may manually 
enter or set the initial drive parameters, which may optionally 
be provided in a set of instructions for use. Alternatively, the 
scanning beam device may be configured to use the initial 
drive parameters using other approaches known in the arts. 
0044) The particular drive parameters depend upon the 
type of scanning beam device and the scan pattern. By way of 
example, representative drive parameters for a scanning fiber 
device that is to be scanned in a spiral scan pattern include: (1) 
a maximum X-axis drive Voltage; (2) a maximum y-axis drive 
Voltage; (3) a phase difference between the X-axis and y-axis 
drive Voltages; (4) a slope of a Voltage ramp/increase; and (5) 
optionally a change in the slope of the Voltage ramp/increase. 
The height and width of the spiral tend to be directly related 
to the y-axis and X-axis drive Voltages, respectively. The rate 
of increase of the spiral cross-section tends to be directly 
related to the slope of the Voltage ramp/increase. A change in 
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the slope of the Voltage ramp/increase, which is optional, may 
be used to achieve more uniform rate of increase of the spiral 
diameter over the scan. 
0045. At block 602, an image of a calibration pattern may 
be acquired using the scanning beam device. The image may 
be acquired by Scanning the beam over the calibration pattern 
in the scan pattern using the starting or initial drive param 
eters. Then, the acquired image may be compared with a 
representation of the calibration pattern, at block 604. These 
operations may be performed Substantially as previously 
described. 

0046. At block 654, a determination may be made whether 
the comparison indicates that the acquired image matches the 
representation of the calibration pattern within a threshold 
tolerance. Different ways of making this determination are 
possible and have been done. 
0047. As one option, in one or more embodiments of the 
invention, this determination may include comparing sizes 
and/or shapes of objects in the acquired image and the repre 
sentation of the calibration pattern and determining whether 
they match within the threshold tolerance. As one example, a 
radius or average radius of a circle in the acquired image may 
be compared with a radius or average radius of the circle in the 
representation and determining if they match within a thresh 
old tolerance. As another example, the degree of circularity of 
a circle in the acquired image may be tested, for example, by 
taking a ratio of a maximum radius of the circle to a minimum 
radius of the circle and determining if the ratio differs from 
one by less than a threshold tolerance. Alternatively, other 
sizes and/or shapes of other objects may be compared. 
0048. As another option, in one or more embodiments of 
the invention, this determination may include comparing a 
position of a point in the acquired image with a position of the 
corresponding point in the representation of the calibration 
pattern, and determining if the positions differ by less than a 
threshold distance or tolerance. The point may be a fixed 
point, a point chosen at random, or a point chosen according 
to a schedule, for example. Squared or absolute values of 
distances may also optionally be used. If desired, multiple 
corresponding pairs of points potentially spread throughout 
the pattern may optionally be used. 
0049. As yet another option, in one or more embodiments 
of the invention, the comparison of the acquired image with 
the representation of the calibration pattern may include 
inferring or estimating actual coordinates of the scanned 
beam at different times during the Scan. The acquired image 
of the calibration pattern may be examined and one or more 
points or other features thereof may be identified. For 
example, the top, bottom, right, and left of one of the circles 
shown in FIG. 10A may be identified. Then, one or more 
corresponding features may be identified in the representa 
tion of the calibration pattern. The coordinates. Such as, for 
example, the x,y-coordinates or the polar coordinates, of each 
of the one or more features in the representation of the cali 
bration pattern may be known and may be identified. By way 
of example, the representation of the calibration pattern may 
have an associated coordinate system in which the one or 
more points or other features may have implicit coordinates. 
Then, the coordinates of a given feature in the acquired image 
may be assumed to be the same as the known coordinates of 
the given feature in the representation of the calibration pat 
tern. In this way, points or other features in the acquired image 
may be mapped to known coordinates of corresponding 
points or other features in the representation of the calibration 
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pattern. These coordinates may serve as estimates of the 
actual position of the scanning beam at different times during 
the scan pattern, and may be used for calibration as described 
further below. 
0050. These are just a few illustrative examples. Combi 
nations of these example approaches may also optionally be 
used. Other methods of statistical, empirical, or heuristical 
pattern comparison will be apparent to those skilled in the 
arts, and having the benefit of the present disclosure. 
0051. If the acquired image does not sufficiently match the 
representation of the calibration pattern (i.e., “no’ is the 
determination), then the method may advance from block 654 
to block 656. At block 656, one or more drive parameters of 
the Scanning beam device may be adjusted. The adjustment of 
the one or more drive parameters may advantageously help to 
make a Subsequently acquired image of the calibration pat 
tern more closely match the representation of the calibration 
pattern. 
0052. Different ways of adjusting the drive parameters are 
possible. In one or more embodiments of the invention, a 
practitioner may manually adjust the parameters. If desired, 
the practitioner may perform calculations, or use simulations 
or other models of the scanning beam device in order to help 
guide the adjustments. As another option, the practitioner 
may adjust the parameters based on experience, intuition, or 
relatively randomly. As another option, in one or more 
embodiments of the invention, a control loop may be used to 
adjust the parameters. The control loop may be implemented 
in hardware, Software, or a combination of hardware and 
Software. In various aspects, the control loop may adjust the 
parameters based on calculations, or a simulation or model of 
the operation of the Scanning beam device, or using an intel 
ligent search or optimization method. Alternatively, the con 
trol loop may adjust the parameters relatively empirically (for 
example using a Monte Carlo method). These are just a few 
examples. Other approaches will be apparent to those skilled 
in the art, and having the benefit of the present disclosure. 
0053. The particular way in which the drive parameters are 
adjusted may depend upon the type of scanning beam device 
and the scan pattern. By way of example, consider some 
possible adjustments to the drive parameters of a scanning 
fiber device operated in a spiral scan pattern. 
0054 As one example, the comparison may indicate that 
the Zoom or magnitude of the scan is off. For example, only a 
portion of an object or a subset of the objects in a calibration 
pattern may appearin the acquired image. This distortion may 
be reduced by adjusting the slopes of both the x-axis and 
y-axis Voltage ramp/increase. The maximum drive Voltages 
may be increased to expand a spiral or decreased to compress 
a spiral. If desired, a change in the slopes of the X-axis and 
y-axis Voltage ramp/increase (e.g., a change in the maximum 
drive Voltages) may be used to help achieve a more uniform 
rate of increase of the spiral diameter over the scan. 
0055 As another example, the comparison may indicate 
that the spiral scan pattern is elliptical. Such as, for example, 
as shown in FIG. 4. In Such a case, a y-axis drive Voltage may 
be reduced relative to an X-axis drive voltage in order to make 
a vertically elliptical spiral scan pattern more circular. Alter 
natively, an X-axis drive Voltage may be reduced relative to a 
y-axis drive Voltage in order to make a horizontally elliptical 
spiral scan pattern more circular. 
0056. As yet another example, in one or more embodi 
ments of the invention, estimates of the actual coordinates of 
the scanned beam at different times during the scan may be 
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available through mapping features in the acquired image to 
known coordinates of corresponding features in the represen 
tation of the calibration pattern. In Such a case, the estimated 
actual coordinates may be used to guide in calibration. To 
further illustrate, in the case of a practitioner performing the 
adjustment, the estimated actual coordinates and the 
expected/ideal coordinates of the Scanned beam may be plot 
ted at different times during the Scan. For example, a plot 
similar to that shown in FIG. 4 may be generated. The plot, 
which is optional, may help a practitioner to see the differ 
ences and to see the drive signal adjustments that would 
reduce the differences. By way of example, if as shown in 
FIG. 4 the maximum y-value of the actual scan pattern is 
greater than the maximum y-value of the expected scan pat 
tern, then the maximum y-axis drive Voltage may be reduced 
to vertically compress the scan. Similarly, if as shown in FIG. 
4 the maximum X-value of the actual scan pattern is less than 
the maximum X-value of the expected scan pattern, then the 
maximum X-axis drive Voltage may be increased to horizon 
tally expand the Scan. These adjustments may help to circu 
larize the elliptical scan. Another potential advantage of 
knowing the coordinates is that amounts of the adjustment 
may be mathematically calculated using, for example, ratios 
of coordinates or distances associated with the coordinates, 
etc. An algorithm may similarly make Such adjustments using 
the coordinates but potentially without the making of such 
plots. 
0057 These are just a few illustrative examples. Other 
examples will be apparent to those skilled in the art and 
having the benefit of the present disclosure. 
0058. After adjusting the one or more drive parameters, at 
block 656, the method may revisit blocks 602, 604, and 654 
one or more times. In some cases, the method may loop 
through blocks 602,604, 654, and 656 anywhere from several 
times up to a hundred times, or more if desired. At least to a 
point, more loops may tend to promote better calibration of 
the drive signal of the Scanning beam device. At some point, 
if and when the acquired image sufficiently matches the rep 
resentation of the calibration pattern (i.e., “yes” is the deter 
mination at block 654), then the method may advance from 
block 654 to block 658. Alternatively, other criteria may 
optionally be used. Such as, for example, if a given number of 
iterations of the method have been performed. 
0059. At block 658, the drive signal calibration method 
may “end”. The adjusted parameters may be stored or other 
wise preserved in place of the starting/initial drive param 
eters. In one or more embodiments, the adjusted drive param 
eters may optionally be stored in the aforementioned 
configuration memory described in United States Patent 
Application 20060072843. The adjusted drive parameters 
may be used by the drive electronics when the device is next 
operated, such as, for example, for further calibration or for its 
intended purpose of use. 
0060 A particular method 650 has been shown and 
described to illustrate certain concepts, although the scope of 
the invention is not limited to this particular method. In alter 
nate embodiments, operations may optionally be omitted 
from and/or added to the method. For example, the determi 
nation at block 654 may optionally be omitted. Rather than 
making such a determination, a given number of one or more 
iterations of the method may optionally be performed, with 
the number optionally being configurable. As another 
example, an adjustment and/or an amount of an adjustment 
may optionally be calculated between blocks 604 and 656. 
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The calculated adjustment may optionally be based on a 
simulation, computer model, or optimization model, and may 
tend to help obtain rapid drive signal calibration. Other modi 
fications and/or adaptations are also possible and will be 
apparent to those skilled in the art and having the benefit of the 
present disclosure. 
0061 FIG. 7 is a block flow diagram of a method 760 of 
pixel position calibration, according to one or more embodi 
ments of the invention. At block 702, an image of a calibration 
pattern may be acquired using the Scanning beam device. This 
may be performed substantially as previously described. If 
drive signal calibration has been previously performed, then 
the image may be acquired by Scanning the beam over the 
calibration pattern in the scan pattern using the adjusted drive 
parameters. Either the same calibration pattern as used for the 
drive signal calibration, or a different calibration pattern 
entirely (potentially better suited for pixel position calibra 
tion), may be used. Alternatively, if no drive signal calibration 
has been performed, then starting/initial drive parameters 
may be used. 
0062. Then, the acquired image may be compared with a 
representation of the calibration pattern, at block 704. The 
comparison may be performed Substantially as previously 
described. 
0063. At block 762, calibrated image position information 
associated with the comparison may be determined and 
stored (for example in a memory of the scanning beam 
device) or otherwise preserved. In one or more embodiments 
of the invention, the calibration data may be stored in the 
aforementioned configuration memory described in United 
States Patent Application 20060072843, although this is not 
required. 
0064. In one or more embodiments of the invention, the 
calibrated image position information may include calibrated 
destination pixel positions for respective time points during a 
Scan. The calibrated destination pixel positions may attempt 
to represent or estimate the actual positions of the beam rather 
than the expected positions of the beam as inferred indirectly 
by differences between the acquired image and representa 
tion of the calibration pattern and/or by mapping points or 
features of the acquired image to corresponding known coor 
dinates in the representation of the calibration pattern. As 
another option, in one or more embodiments of the invention, 
the information may include directional offsets or displace 
ments, for example, from the expected positions of the beam. 
As yet another option, the information may include a combi 
nation of both destination pixel positions and offsets or dis 
placements. Advantageously, Such pixel position calibration 
may help to remove, or at least reduce, distortions due to 
operating at or around a mechanical resonance frequency, or 
other distortions that may tend to remain after drive signal 
calibration. 

0065. A particular method 760 has been shown and 
described to illustrate certain concepts, although the scope of 
the invention is not limited to this particular method. In alter 
nate embodiments, operations may optionally be added to the 
method. For example, the method may optionally be repeated 
one or more times to fine-tune the calibrated image pixel or 
other position information. As another example, multiple 
images may be acquired and compared to statistically average 
the calibration data that is preserved. Other modifications 
and/or adaptations are also possible and will be apparent to 
those skilled in the art and having the benefit of the present 
disclosure. 
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0066. The scanning beam device may be used to generate 
black and white images, color images, or both. Different ways 
of calibrating the scanning beam device to generate color 
images are possible. 
0067. One way of calibrating the scanning beam device to 
generate color images, in accordance with one or more 
embodiments of the invention, involves using a black and 
white calibration pattern. Different images of the black and 
white calibration pattern may be acquired by Scanning beams 
of differently colored lights over the black and white calibra 
tion pattern. In one or more embodiments, the differently 
colored lights may include red, green, and blue lights, 
although the scope of the invention is not so limited. Back 
scattered light for each of the differently colored lights may 
be detected. The black portions of the pattern may tend to 
absorb most of the light of each of the different colors, while 
the white portions may tend to reflect most of the light of each 
of the different colors. 
0068. Each of the different acquired images may be com 
pared with the representation of the black and white calibra 
tion pattern. In some cases, such as, for example, if chromatic 
aberration is present (the lens may tend to add chromatic 
aberration), each of the different colors may differ from the 
representation differently. Accordingly, in one or more 
embodiments of the invention, the scanning beam device may 
be calibrated by different amounts for each of the different 
colored lights. This may help to reduce the visual affects of 
chromatic aberration, if present. 
0069 Different ways of preserving the calibration data for 
the differently colored lights are possible. In one or more 
embodiments of the invention, different destination pixel 
positions for each of a plurality of times during the scan may 
be stored for each of the differently colored lights. As another 
option, in one or more embodiments of the invention, desti 
nation pixel positions for each of a plurality of times during 
the scan may be stored for one of the colored lights (e.g., the 
red light), and potentially different offsets from these stored 
destination pixel positions may be stored for each of the times 
for the remaining differently colored lights (e.g., the green 
and blue lights). 
0070 Another way of calibrating the scanning beam 
device to generate color images, in accordance with one or 
more embodiments of the invention, involves using a multi 
colored calibration pattern. Different images of the multi 
colored calibration pattern may be acquired by scanning 
multi-colored light (e.g., white light) over the multi-colored 
calibration pattern, separating the backscattered light into 
color components, and detecting the color components. Then, 
each of the different color component images may be com 
pared with the corresponding color component of the calibra 
tion pattern. The calibration data for the differently colored 
lights may be preserved as described in the previous para 
graph, or otherwise. 
0071. The calibrations as described herein may potentially 
be performed at different times, and potentially by different 
entities. FIG. 8 is a block flow diagram of one particular 
example of a method 870 of scanning beam device calibra 
tion, according to one or more embodiments of the invention. 
0072 At block 872, drive signal calibration as described 
herein may be performed. In one or more embodiments of the 
invention, a manufacturer or other first entity may perform the 
drive signal calibration of block 872. Then, the partially cali 
brated Scanning beam device may be sold, given, or otherwise 
transferred to a purchaser, user, or other second entity. At 
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block 874, further drive signal calibration as described herein 
may optionally be performed. This may help to customize the 
scanning beam device to a particular use environment, Such 
as, for example, a particular drive system, since the systems 
used to drive the Scanning beam device in the manufacturing 
and use environments may potentially differ. Then, at block 
875, pixel position calibration as described herein may be 
performed. A dashed line 873 is used to show that a portion of 
the calibration of the scanning beam device may be per 
formed by a first entity, Such as, for example, a device manu 
facturer, and a second portion of the calibration may be per 
formed by a second entity, Such as, for example, a purchaser 
and/or user. 

0073. Alternate embodiments are also possible. As one 
example, the second entity may perform pixel position cali 
bration without performing further drive signal calibration. 
As another example, the first entity may perform pixel posi 
tion calibration after performing drive signal calibration, and 
the second entity may perform further drive signal calibration 
and/or pixel position calibration. Furthermore, it is to be 
appreciated that various types of calibration as disclosed 
herein may be performed at other times, such as, for example, 
when distortions are detected or become significant, when 
new equipment is to be used, according to regularly scheduled 
maintenance, or according to other known criteria. 
(0074 FIG. 9 is a block flow diagram of a method 976 of 
acquiring an image of a surface of interest, according to one 
or more embodiments of the invention. In one or more 
embodiments of the invention, for example if the scanning 
beam device is an endoscope or other medical device to be 
inserted into a patient, the scanning beam device may be 
advanced through the body and positioned adjacent a target 
Surface, such as, for example, a body tissue, body lumen, 
body cavity, hollow organ, or like Surfaces of interest, and 
thenanimage of the target Surface may be acquired. However, 
the scope of the invention is not limited to Such surfaces, since 
other Surfaces such as bar codes and other Surfaces are also 
suitable. 

(0075. At block 977, a beam may be scanned over the 
Surface of interest in a scan pattern. In one or more embodi 
ments, calibrated drive parameters determined as described 
herein may be used. Alternatively, starting or initial drive 
parameters may be used. Backscattered light may be detected 
at different times during the scan pattern, at block 978. Then, 
at block 979, an image of the surface of interest may be 
generated. In one or more embodiments of the invention, 
generating the image may include placing or representing 
backscattered light detected at each of a plurality of different 
times during the scan pattern at a corresponding calibrated 
destination image position in the generated image. As previ 
ously mentioned, in one or more embodiments of the inven 
tion, the calibrated destination image position may include 
destination pixel positions for respective time points during a 
Scan. As another option, offsets or displacements may also or 
alternatively be used. The destination pixel positions and/or 
offsets may attempt to represent the actual positions of the 
beam rather than the expected positions of the beam as 
inferred indirectly by differences between the acquired image 
and representation of the calibration pattern. 
0076 An analogous embodiment is also possible for dis 
playing an image. The calibrated drive parameters deter 
mined as described herein may be used during the scan. 
Modulated light may be placed or represented at the cali 
brated image positions determined as described herein. 
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0077 FIGS. 10A-F are examples of suitable calibration 
patterns, according to various embodiments of the invention. 
FIG. 10A is a calibration pattern including a grid of equally 
spaced horizontal and vertical lines, eight concentric circles 
of constantly increasing diameter, diagonal lines intersecting 
at the center of the concentric circles, and a reference, plus 
sign in the upper left corner. 
0078 FIG. 10B is a calibration pattern that consists of grid 
of equally spaced horizontal and Vertical lines. Various other 
calibration patterns including angled grids or grids with dif 
ferent spacings are also possible. 
0079 FIG. 10C is a calibration pattern that consists of a 
pair of central, intersecting, horizontal and vertical lines, and 
eight points. The eight points lie along pattern diagonals, with 
two points in each of four quadrants. Various other calibration 
patterns are possible to include different numbers and 
arrangements of points and lines. 
0080 FIG. 10D is a calibration pattern that consists of a 
regular matrix of nine Small circles of the same size with one 
of the circles having a distinguishing mark Such as a cross 
therein. Attributes that may be used for calibration include the 
number and size of the circles in the acquired image. The 
distinguishably marked circle may provide an orientation. 
0081 FIG. 10E is a calibration pattern that consists of a 
stick figure of a person. A wide variety of other calibration 
patterns may include simple drawings of animals, objects, 
scenes, and a wide variety of other subjects. 
0082 FIG. 10F is a calibration pattern that consists of the 
letter A in outline form. Other letters, numbers, and combi 
nations thereof potentially with other objects, are also suit 
able. 
0083. These particular calibration patterns are merely 

illustrative. Other suitable calibration patterns may include a 
wide variety of different patterns, ranging from abstract 
groups of points or lines, to geometric shapes, to non-geo 
metric shapes, to objects, to pictograms, to images, photo 
graphs, art, and combinations of Such patterns. Almost any 
pattern that may be used to perform one or more of the 
calibrations disclosed herein may be used. The term “calibra 
tion pattern' is accordingly to be interpreted broadly. 
0084. To further illustrate certain concepts, consider sev 
eral example ways in which the calibration pattern shown in 
FIG. 10A may be used for calibration. This calibration pattern 
has various predetermined features or characteristics that 
may be compared to the acquired image and used for calibra 
tion. 
0085. One characteristic is the number of circles. The cali 
bration pattern has eight concentric circles. If fewer than eight 
circles appearin the acquired image, then, by way of example, 
the drive signal (for example the X-axis and y-axis Voltages) 
may be adjusted to adjust the magnitude of the Scan. 
I0086. Another characteristic is the size of the circles. By 
way of example, if all of the circles are Smaller in the acquired 
image than in the calibration pattern, then the drive signal 
may be adjusted to adjust the magnitude of the scan. Alterna 
tively, if the larger, outer circles are the right size, but the 
Smaller, inner circles are too small, a change in the Voltage 
ramp/increase may be used to promote more even rate of 
increase of spiral diameter. 
0087. Yet another characteristic is the shape of the circles. 
In some cases the circles may be elliptical. One potential 
metric for lack of circularity is deviation of the ratio of the 
maximum and minimum radiuses from unity (the number 
one). One way of determining how round the circle is may 

Jul. 10, 2008 

involve assessing the deviation of the ratio of the maximum 
and minimum radiuses of the circle from unity. If the circles 
appear as horizontal ellipses in the acquired image, then the 
y-axis Voltage may be decreased relative to the X-axis Voltage. 
Alternatively, if the circles appear as vertical ellipses in the 
acquired image, then the X-axis Voltage may be decreased 
relative to the y-axis Voltage. 
I0088 Similarly, a further characteristic is the equal spac 
ing of the horizontal and vertical lines. If the spacing between 
the horizontal lines is greater than the spacing between the 
Vertical lines in the acquired image, this may potentially 
indicate a vertical elliptical scan pattern as opposed to a truly 
circular scan pattern. In Such case, by way of example, the 
y-axis Voltage may be decreased relative to the X-axis Voltage. 
I0089. These provide a few illustrative ways in which the 
comparison of the acquired image with the representation 
may be used to adjust drive parameters. Numerous other ways 
are also possible and have also been used. Those skilled in the 
art and having the benefit of the present disclosure will appre 
ciate that there is a great deal of flexibility in the different 
types of calibration patterns that may be used and in the 
associated different comparisons of the features of the cali 
bration patterns that may be used to make adjustments. 
0090. As shown in FIG. 2, the scanning beam device may 
include a calibration system 230, which may implement one 
or more calibrations as disclosed herein. FIG. 11 is a block 
diagram showing further details of an example calibration 
system 1130 for a scanning beam device, according to one or 
more embodiments of the invention. 

0091. The calibration system includes comparison logic 
1184. The comparison logic may compare a representation of 
a calibration pattern 1186 with an acquired image 1190 of the 
calibration pattern as disclosed elsewhere herein. 
0092. As previously mentioned, the representation of the 
calibration pattern may include an electronic image or other 
electronic likenesses of the calibration pattern, or a set of 
features or characteristics of the calibration pattern (for 
example, number of circles, size of circles, etc). By way of 
example, the representation and the acquired image may be 
accessed from a memory or otherwise received or referenced 
by the comparison logic. As yet another option, the represen 
tation may be a mental representation that is not stored in the 
scanning beam device, but rather in the thoughts or mind of 
the practitioner. 
0093. As shown, in one or more embodiments of the 
invention, one or more additional, different representations 
1188 may also optionally be available (whether stored or not). 
By way of example, the different representations may be of 
different calibration patterns, of the same calibration pattern 
at a different magnitude of the scan, or of the same calibration 
pattern under different temperatures or other environmental 
conditions. In one aspect, multiple calibration patterns may 
potentially be used to challenge the Scanning beam device in 
different ways, such as, for example, with different patterns, 
different degrees of difficulty, different drive parameters iso 
lated, different color components isolated, or the like. Differ 
entrepresentations may be used for different temperatures, or 
else the temperature of the scanning optical element may be 
maintained substantially constant, Such as, for example, as 
disclosed in U.S. patent application Ser. No. . Simi 
larly, different sets of calibration data may be stored for 
different magnitudes of Scan, different environmental condi 
tions, etc., and capability may optionally be included to inter 
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polate between the sets to provide a continuous spectrum of 
magnitudes of scan or environmental conditions. 
0094. The calibration system also includes drive signal 
calibration logic 1192 and pixel position calibration logic 
1194. Each of these logics are coupled with, or otherwise in 
communication with, the comparison logic. The drive signal 
calibration logic and pixel position calibration logic may 
perform drive signal calibration and pixel position calibra 
tion, respectively, as disclosed elsewhere herein. In particular, 
the drive signal calibration logic may determine one or more 
calibrated drive parameters 1196. These drive parameters 
may be provided to the drive electronics for subsequent use. 
In one or more embodiments, the calibrated drive parameters 
may be stored in a configuration memory as disclosed in U.S. 
Patent Application 20060072874, although this is not 
required. The pixel position calibration logic may determine 
and store or otherwise preserve one or more calibrated pixel 
or other image positions 1198. These calibrated pixel or other 
image positions may be provided to, or accessed by, the image 
generator during generation of Subsequent images. 
0.095. In one or more embodiments of the invention, the 
logic of the calibration system may include Software, such as, 
for example, sequences of instructions or code modules that 
may be stored in a memory of the Scanning beam device and 
executed by a controller, processor, or other circuit. For 
example, the modules may include a comparison module, a 
drive signal calibration module, and a pixel position calibra 
tion module. As another option, in one or more embodiments 
of the invention, the logic of the calibration system may 
include hardware. Such as, for example, by an application 
specific integrated circuit (ASIC), field programmable gate 
array (FPGA), or other circuit. As yet another option, the 
logic of the calibration system may include a combination of 
software and hardware. 
0096 FIG. 12 is a block diagram of an example scanning 
beam device 1210 in which embodiments of the invention 
may be implemented. The scanning beam device has a two 
part form factor that includes a base station 1201 and a scan 
ning beam probe 1203. Such a two-part form factor tends to 
be well suited for endoscope and other medical probe imple 
mentations. One potential advantage of the two-part form 
factor is that expensive and/or bulky components may be 
included in the base station and the probe may be relatively 
inexpensive and/or Small. Other potential advantages are that 
different types of probes may potentially be used by the same 
base station and probes may be capable of being removed, for 
example for cleaning, maintenance, or to be discarded. How 
ever, this two-part form factor is not required. 
0097. The base station includes a light source 1212, a 
power source 1205, a controller 1207, and a memory 1209. In 
one or more embodiments of the invention, the memory may 
be used to store code modules that may implement at least a 
portion of a calibration system as disclosed herein and that 
may be executed by the controller, a separate processor (not 
shown), or another circuit. The base station includes an 
optional photodetector 1224. Alternatively, the photodetector 
may be located in the scanning beam probe. The base station 
includes an optional user interface 1211. The user interface 
may include a few buttons, dials, a keyboard, or like interfaces 
known in the arts. The base station also includes an optional 
display 1213. As another option, the display may be included 
separately from the base station or omitted. 
0098. The scanning beam probe includes a scanning opti 
cal element 1214. In one or more embodiments of the inven 
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tion, the scanning optical element may include a single, can 
tilevered, free-end portion of an optical fiber or similar 
waveguide, and a piezoelectric tube, or other actuator tube to 
move the optical fiber or waveguide. A detailed example of 
Such a scanning optical element is shown and described in 
conjunction with FIG. 13. Alternatively, an Electroactive 
Polymer (EAP) material, a magnetic actuator, an electromag 
netic actuator, an electrostatic actuator, a Sonic actuator, an 
electroacoustic transducer, an electromechanical actuator 
(for example a MEMS), or other type of actuator may be used 
to move the optical fiber or waveguide. 
0099. As another option, in one or more embodiments of 
the invention, the scanning optical element may include a 
mirror or other reflective device in an optical path of a beam 
of light, and an actuator to move the reflective device. As yet 
another option, a scanning optical element may include a lens 
or other focusing device that may be moved by an actuator. As 
still further options, the scanning optical element may include 
a galvanometer, multiple optical elements moved relative to 
each other, and the like, and combinations thereof. These 
various scanning optical elements may also be used in the 
apparatus of FIG. 2. 
0100. The scanning beam probe includes a connector 
member 1219 that is configured to mate with a connector 
interface 1221 of the base station. Coupling of the connector 
member to the connector interface may create electrical and 
optical paths between the base station and the Scanning beam 
probe. By way of example, the electrical paths may include a 
power path and a drive signal path, and the optical paths may 
include an illumination path and potentially a detection path. 
These paths may be carried through one or more cable 1223. 
0101 AS shown, the scanning beam probe may include an 
optional non-volatile (N-V) memory 1217, although this is 
not required. In one or more embodiments of the invention, 
the non-volatile memory may be located in the connector 
member. The non-volatile memory may be used to store cali 
brated drive parameters and/or calibrated image position 
information as disclosed herein, although this is not required. 
0102. As shown, in one or more embodiments of the 
invention, the base station of the scanning beam device may 
include an optional calibration chamber 1215. The calibration 
chamber may have one or more calibration patterns therein. 
This may help to protect the one or more calibration patterns 
from getting dirty, weathered, or otherwise damaged. The 
calibration chamber may also help to provide a controlled 
light environment for viewing the calibration pattern. In one 
aspect, the calibration chamber may have a controlled tem 
perature, or alternatively the probe may be separately capable 
of maintaining a Substantially constant temperature. In one or 
more embodiments of the invention, the base station may 
have a means for Switching between calibration patterns. For 
example, a mechanical mechanism may replace one calibra 
tion pattern with another. The calibration chamber may have 
a port thereto to which the scanning beam probe may be 
coupled during calibration. Such coupling may help to accu 
rately and consistently position the scanning beam probe 
relative to the calibration pattern. Alternatively, the calibra 
tion chamber may optionally be omitted, included in separate 
manufacturing equipment, or elsewhere. 
(0103 FIG. 13 is a cross-sectional side view of a detailed 
example of a scanning fiber probe 1303, according to one or 
more embodiments of the invention. It is understood that this 
example is to be construed as merely illustrative, rather than 
limiting. The particular illustrated probe is well suited for use 
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as an endoscope or other relatively small instrument or probe 
to be inserted into patients, although in other implementations 
the design and operation of the probe may vary considerably. 
0104. The probe includes a housing 1331. The housing 
may include stainless steel or other materials suitable for 
deployment in patients and may be hermetically sealed. The 
housing may be small or minute. For example, in one or more 
embodiments of the invention, the housing may be generally 
tubular, have a diameter or other cross-sectional dimension 
that is on the order of about 5 millimeters (mm) or less, and 
have a length that is on the order of about 20 mm, or less. 
0105. A free end portion 1333 of an optical fiber 1335 is 
included within the housing. A piezoelectric tube 1337 is also 
included within the housing. The piezoelectric tube repre 
sents one possible type of actuator tube. In one or more 
embodiments of the invention, the piezoelectric tube may 
include a PZTSA material, although this is not required. The 
optical fiber is inserted through a generally cylindrical open 
ing in the piezoelectric tube. An attachment collar 1339 may 
couple the piezoelectric tube with the housing. The piezoelec 
tric tube may be inserted through a tightly fitting generally 
cylindrical opening through the attachment collar. 
0106. A number of wires or other electrically conductive 
paths 1341 are run from a base station to the proximal end of 
the probe. The electrically conductive paths may carry elec 
trical signals to the piezoelectric tube. In one or more embodi 
ments, the piezoelectric tube may have four, quadrant metal 
electrodes 1343 on an outer surface thereof to move the opti 
cal fiber in two dimensions. Each of four electrically conduc 
tive paths may be soldered to or otherwise electrically 
coupled with respective ones of four, quadrant-electrodes on 
the piezoelectric tube. These four paths may carry drive sig 
nals to the piezoelectric tube to cause it to scan the optical 
fiber, for example in an expanding spiral scan pattern. In one 
or more embodiments, the optical fiber may be scanned at 
resonance. At resonance the drive signal may be about 90 
degrees out of phase relative to the position of the optical 
fiber. In one or more embodiments, the piezoelectric tube may 
optionally have a ground electrode on an inside Surface 
thereof. One conductive path may optionally be provided to 
the ground electrode. 
01.07 The device includes one or more lenses 1345. The 
one or more lenses are positioned in an optical path of light 
directed through the free end portion of the optical fiber. In 
one or more embodiments of the invention, the one or more 
lenses may include lenses from PentaX Corporation. Alterna 
tively, other lenses may optionally be used. 
0108. In one or more embodiments of the invention, opti 
cal fibers 1347 may be included around the outside of the 
housing to collect backscattered light from a target Surface. 
By way of example, in the particular case of a full-color 
scanning fiber endoscope, twelve optical fibers may be 
included around the outside of the housing for collection of 
light. The optical fibers may collect and convey light back to 
one or more photodetectors located at a proximal end of the 
probe or in the base station or elsewhere. 
0109. In the description above, for the purposes of expla 
nation, numerous specific details have been set forth in order 
to provide a thorough understanding of the embodiments of 
the invention. The particular embodiments described are not 
provided to limit the invention but to illustrate it. Embodi 
ments may be practiced without some of these specific 
details. Furthermore, modifications may be made to the 
embodiments disclosed herein, such as, for example, to the 
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sizes, shapes, configurations, forms, functions, materials, and 
manner of operation, and assembly and use, of the compo 
nents of the embodiments. All equivalent relationships to 
those illustrated in the drawings and described in the specifi 
cation are encompassed within embodiments of the inven 
tion. The scope of the invention is not to be determined by the 
specific examples provided above but by the claims below. 
Further, where considered appropriate, terminal portions of 
reference numerals have been repeated among the figures to 
indicate corresponding or analogous elements, which may 
optionally have similar characteristics. 
0110 Various operations and methods have been 
described. The methods have been described in a basic form, 
but operations may optionally be added to the methods. In 
Some cases, operations may be removed from the methods. In 
Some cases, the operations of the methods may be performed 
in different order. Many modifications and adaptations may 
be made to the methods and are possible and contemplated. 
0111 Certain operations may be performed by hardware 
components, or may be embodied in machine-executable 
instructions, that may be used to cause, or at least result in, a 
circuit programmed with the instructions performing the 
operations. The circuit may include a general-purpose or 
special-purpose processor, or logic circuit, to name just a few 
examples. The operations may also optionally be performed 
by a combination of hardware and software. 
0112 One or more embodiments of the invention may be 
provided as a program productor other article of manufacture 
that may include a machine-accessible and/or readable 
medium having stored thereon Software or other instructions. 
The medium may provide the instructions, which, if executed 
by a machine, may result in and/or cause the machine to 
perform one or more of the operations or methods disclosed 
herein. Suitable machines include, but are not limited to, 
scanning beam devices, base stations, endoscope base sta 
tions, medical equipment, computer systems, and a wide 
variety of other devices with one or more processors, to name 
just a few examples. 
0113. The medium may include, a mechanism that stores 
or otherwise provides information in a form that is accessible 
by the machine. For example, the medium may optionally 
include recordable and/or non-recordable mediums, such as, 
for example, floppy diskette, optical storage medium, optical 
disk, CD-ROM, magnetic disk, magneto-optical disk, read 
only memory (ROM), programmable ROM (PROM), eras 
able-and-programmable ROM (EPROM), electrically-eras 
able-and-programmable ROM (EEPROM), random access 
memory (RAM), static-RAM (SRAM), dynamic-RAM 
(DRAM), Flash memory, and combinations thereof. In one or 
more embodiments of the invention, an article of manufacture 
including the machine-readable medium may be included in 
a kit with one or more of a scanning beam device and instruc 
tions for use. 
0114. In the claims below, the term "scanning in “scan 
ning beam device', 'scanning optical element', 'scanning 
beam probe’, and the like, does not imply that the device or 
apparatus is in use, or presently in the process of Scanning, 
unless otherwise specified. Rather, the term "scanning 
merely implies that the device or apparatus is capable of 
Scanning. 
0.115. It should also be appreciated that reference through 
out this specification to “one embodiment”, “an embodi 
ment’, or "one or more embodiments', for example, means 
that a particular feature may be included in the practice of the 



US 2008/O165360 A1 

invention. Similarly, it should be appreciated that in the 
description various features are sometimes grouped together 
in a single embodiment, Figure, or description thereof for the 
purpose of streamlining the disclosure and aiding in the 
understanding of various inventive aspects. This method of 
disclosure, however, is not to be interpreted as reflecting an 
intention that the invention requires more features than are 
expressly recited in each claim. Rather, as the following 
claims reflect, inventive aspects may lie in less than all fea 
tures of a single disclosed embodiment. Thus, the claims 
following the Detailed Description are hereby expressly 
incorporated into this Detailed Description, with each claim 
standing on its own as a separate embodiment of the inven 
tion. 

What is claimed is: 
1. A method comprising: 
acquiring an image of a calibration pattern using a scan 

ning beam device; 
comparing the acquired image with a representation of the 

calibration pattern; and 
calibrating the scanning beam device based on the com 

parison. 
2. The method of claim 1, wherein calibrating the scanning 

beam device comprises adjusting one or more drive param 
eters of a scanning optical element of the scanning beam 
device based on the comparison. 

3. The method of claim 2, further comprising repeating said 
acquiring and said comparing one or more times until the 
comparison indicates that the acquired image and the repre 
sentation of the calibration pattern match within a threshold 
tolerance. 

4. The method of claim 1, wherein calibrating the scanning 
beam device comprises preserving calibrated image position 
information associated with the comparison. 

5. The method of claim 4, wherein the calibrated image 
position information comprises calibrated destination pixel 
positions, and wherein the destination pixel positions are 
expected pixel positions adjusted to account for a difference 
between the acquired image and the representation. 

6. The method of claim 4, further comprising: 
Scanning a beam over a surface of interest in a scan pattern; 
detecting backscattered light at different times during the 

Scan pattern; 
generating an image of the Surface of interest by represent 

ing the backscattered light detected at each of the differ 
ent times during the scan pattern at an image position 
specified in the calibrated image position information. 

7. The method of claim 1, wherein calibrating the scanning 
beam device comprises: 

adjusting one or more drive parameters of a scanning opti 
cal element of the Scanning beam device based on the 
comparison; 

acquiring a second image of either the same or different 
calibration pattern using the scanning beam device; 

comparing the acquired second image with a representa 
tion of the calibration pattern used to acquire the second 
image; and 

preserving calibrated image position information associ 
ated with the comparison. 

8. The method of claim 7, further comprising: 
Scanning a beam over a surface of interest in a scan pattern; 
detecting backscattered light at different times during the 

Scan pattern; and 
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generating the image of the Surface of interest by repre 
senting the backscattered light detected at each of the 
different times at an image position specified in the 
calibrated image position information. 

9. The method of claim 1, wherein acquiring the image of 
the calibration pattern using the Scanning beam device com 
prises: 

scanning a beam over the calibration pattern in a scan 
pattern; 

detecting backscattered light from the calibration pattern at 
different times during the scan pattern; and 

generating the image of the calibration pattern by repre 
senting the backscattered light detected at each of the 
different times at a corresponding expected position of 
the beam for a respective time. 

10. The method of claim 1, wherein acquiring the image of 
the calibration pattern comprises acquiring a multi-colored 
image of a multi-colored calibration pattern, and wherein 
comparing comprises comparing different color components 
of the acquired multi-colored image with corresponding color 
components of the representation of the calibration pattern. 

11. The method of claim 1, wherein acquiring the image of 
the calibration pattern comprises acquiring a plurality of dif 
ferent color component images of a black and white calibra 
tion pattern, and wherein comparing comprises comparing 
each of the plurality of different color component images with 
the black and white calibration pattern. 

12. The method of claim 1, further comprising, prior to 
acquiring the image, coupling a scanning beam probe of the 
scanning beam device with a port of a calibration chamber of 
the scanning beam device, the calibration chamber having the 
calibration pattern therein. 

13. The method of claim 1, further comprising, after cali 
brating the Scanning beam device, inserting a scanning beam 
probe of the scanning beam device into a patient. 

14. The method of claim 1, wherein acquiring the image of 
the calibration pattern comprises scanning a single cantile 
Vered optical fiber in a scan pattern. 

15. The method of claim 1, wherein acquiring the image of 
the calibration pattern comprises moving a scanning optical 
element Substantially at a resonant frequency. 

16. The method of claim 1, wherein comparing the 
acquired image with the representation of the calibration 
pattern comprises mapping a feature in the acquired image to 
known coordinates of a corresponding feature in the repre 
sentation of the calibration pattern. 

17. An article of manufacture comprising: 
a machine-accessible medium that provides instructions 

that if executed result in a machine performing opera 
tions including, 

comparing an image of a calibration pattern, which has 
been acquired with a scanning beam device, with a rep 
resentation of the calibration pattern; and 

calibrating the Scanning beam device based on the com 
parison. 

18. The article of manufacture of claim 17, wherein the 
instructions that if executed result in the machine calibrating 
the Scanning beam device based on the comparison further 
comprise instructions that if executed result in the machine 
performing operations comprising: 

adjusting one or more drive parameters of a scanning opti 
cal element of the Scanning beam device based on the 
comparison. 
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19. The article of manufacture of claim 17, wherein the 
instructions that if executed result in the machine calibrating 
the Scanning beam device based on the comparison further 
comprise instructions that if executed result in the machine 
performing operations comprising: 

storing calibrated image position information associated 
with the comparison. 

20. The article of manufacture of claim 19, wherein the 
instructions further comprise instructions that if executed 
result in the machine performing operations comprising: 

generating an image of a Surface of interest by representing 
backscattered light that has been detected at each of a 
plurality of different times during a scan of a beam over 
the Surface of interest in a scan pattern at an image 
position specified in the calibrated image position infor 
mation. 

21. The article of manufacture of claim 17, wherein the 
instructions that if executed result in the machine comparing 
the acquired image with the representation of the calibration 
pattern further comprise instructions that if executed result in 
the machine performing operations comprising: 

mapping a feature in the acquired image to known coordi 
nates of a corresponding feature in the representation of 
the calibration pattern. 

22. An apparatus comprising: 
a light source; 
a scanning optical element to receive light from the light 

Source, the Scanning optical element to scana beam over 
a calibration pattern in a scan pattern; 

a photodetector to detect light backscattered from the cali 
bration patternat different times during the scan pattern; 
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image generation logic to generate an image of the calibra 
tion pattern by representing the backscattered light 
detected at each of the different times at a corresponding 
expected position of the beam for a respective time; and 

comparison logic to compare the image with a representa 
tion of the calibration pattern. 

23. The apparatus of claim 22, further comprising drive 
signal calibration logic in communication with the compari 
son logic, the drive signal calibration logic to adjust one or 
more drive parameters of the scanning optical element based 
on the comparison. 

24. The apparatus of claim 22, further comprising pixel 
position calibration logic to store calibrated image position 
information associated with the comparison. 

25. The apparatus of claim 24, wherein the pixel position 
calibration logic comprises logic to generate an image of a 
Surface of interest by representing backscattered light that has 
been detected at each of a plurality of different times during a 
scan of a beam over the Surface of interest in a scan pattern at 
an image position specified in the calibrated image position 
information. 

26. The apparatus of claim 22, further comprising a cham 
ber having the calibration pattern therein. 

27. The apparatus of claim 22, wherein the apparatus com 
prises an endoscope. 

28. The apparatus of claim 22, wherein the scanning optical 
element comprises a single cantilevered optical fiber. 

29. The apparatus of claim 22, wherein the scanning optical 
element is to Scan at Substantially a resonant frequency. 

30. The apparatus of claim 22, wherein the calibration 
pattern is passive. 


